Abrtrrcf : We have shown that the planar formula of the polyindoline alkaloids (C, B, E and 'D) isolated from the leaves of Psychoiriu forsterianu agree respectively with Quadrigemine A, Quadrigemine B, Psychotridine, and Isopsychotridine C. Their cytotoxic activity on cultured rat hepatoma cells (HTC line) is reported in this paper. These alkaloids showed a higher toxicity on HTC cells than vincristine. a bisindole alkaloid currently used in antitumor chemotherapy.
Introduction

Psychotria forsferiana A. Gray is a tropical plant growing in
Vanuatu (New fiebrides). In a previous paper (2), we repotted the isolation of four major alkaloids from the leaves of this shrub. New spectral data concerning their planar structures allow us t o correlate them respectively with the stereoisomeric groups of Quadrigemine A (alkaloid C), Quadrigemine B (alkaloid B), Psychotridine (alkaloid E), and Isopsychotridine C (alkaloid D) ( Figure 1 ). These alkaloids àre polyindoline compounds resulting from the condensation of several &-,methyltryptamine units. A t the present time, polymers including 3.4, or 5 units seem t o be specific for two genera of Rubiaceae (Psychorria, Hodgkinsonia) (3, 4) . Obviously, this phenomenon of polycondensation is responsible for numerous possibilities of stereoisomerism on account of the great number of asymetric carbons in these structures. Thus, (C) and (B) are two isomers composed of four N,-methyltryptamine units whereas (E) and (D) are isomers composed of five similar units (Fig. 1) .
In 1982, Libot (3) showed that such isomericpolyindoline alkaloids isolated from ' P . oleoides, were slightly cytotoxic on leukemic micc cells (L, 1210). It seemed to be of interest to test ' Address for correspondence. '* the alkaloids extracted from P. forsteriana on another tumor .system in order to investigate their cytotoxic properties.
In the present work, we studied the cytotoxic effects of these compounds on cyltured rat hepatoma cells (HTC line) in relation to their respective concentrations. The well known bisindole alkaloid vincristine (= leurocristine), commonly used in anticancer chemotherapy, was chosen as a standard antitumor agent (5).
Materials and Methods
Chemistry
Extraction, isolation, and purification of alkaloid\ <'. B. E, and D were described in a previous paper (2). The number 01 h,,-methyltryptamine units in each compound, as well as the C-C bond types (C,C,. or CB-C phenyl types) and their respective positions in the molecular planar structures were determined on the basis of their spectral data in comparison with those found in the literature (2,3,6,7).
Alkafoid B: CUHx,NI. viability curves with that of a standard was used to determine the biological activity of the tested compounds, at a given concentration (inactive. cytostatic, or cytotoxic). It can be seen that the alkaloids isolated from the leaves of Psychtria forsteriono are potent cytotoxic compounds. At a concentration of 5 pM, a cellular mortality of 100% was obtained within 24 hours of incubation, exccpt with (B), the less active alkaloid which killed only 50 YO of the cells within thc same time. In the same experimental conditions vincristine, a bisindole alkaloid well known for its antitumoral activity. at a closely related dose (8 pM/ml) (Fig. 2a) and (C): the first one caused a cellular mortality increasing with the incubation time (10 YO in 24 hours; 70% in 48 hours; 98 Yo in 72 hours) whereas the second one remained quite inactive during the same period, Roughly, the relative cytotoxicities of these polyindolinc compounds could be schematized as fol-
Results and Discussion
A more detailed examination of Fig. 2 rcveals that the four alkaloids could be joined in pairs, each pair having a different behaviour towards HTC cells. Indccd, it appcars that the viability curves of (D) and (B), from one side, and (E) and (C).
from the other side, show some analogous aspects. Howcvcr, (E) and (C) did not induce the same dose-effect rclationship. At conccntrations of 2.5 pM of (E) and 5 pM of (C), all of the cells wcrc killed within 24 hours, whereas at half these concentrations, neither (E) nor (C) showed any cytotoxic activity during the three days of the experiment. Finally, it seems that the biological activity of these compounds is not directly proportional to the doses, but corresponds virtually to a threshold effect; even the'usual stage of inhibition of cell proliferation ist not obvious.
Also, other analogies can be noted bctwcen the two groups of alkaloids. In each group, one of the compounds possessed a stronger cytotoxicity than the other one: thus, (E) and (D) seem to be twicc as cytotoxic as (C) and (B), respectively. But.
at lowcr concentrations which voricd from 2.5 pM to 0.62 pM, according to the alkaloid ncithcr cytotoxic nor cytostatic effects to HTC cells were observed with any of the four studied alkaloids. In the case of (E), a slightly inhibitory effect on cell growth was obtained at the dosc of 1.25 pM.
Since the sterochemical con'figurations of these alkaloids had not been determined, we d o not have all the data necessary to discuss unambiguously their structure-activity relations. Nevertheless, the preceeding growth or survival curves analysis suggests that the analogies and discrepancies which appeared betwecn the four alkaloids on HTC cells could be partly due to their respective structural characteristics.
Thus, the most active alkaloids are (E) and (D) which contain five condensed units, whereas (C) and (B) with only four units show a comparatively lower cytotoxic effect (Fig. 2) . One can also suggest that thc observed cytotoxic analogies betwecn thc pairs E/C and D/B could bc duc to an idcntical position of thc CB-Clr' bond in each pair of compounds (Fig. I ) .
.New alkaloids containing 6 . 7. ;¡nd 8 N,,-mcthyltryptaminc units were recently identified in another gcnus o f Rubiiiccac (9). The study of thcir cytotoxic propcrtics on HTC cclls could givc additional results to verify our hypothesis.
, Finally, it would be of interest t o test these polyindoline alkaloids on other tumor cell lines as well as on normal cells in vitro and iri vivo, in order to determine thcir acute and chronic toxicity on healthy animals.
